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SIMPLE DESIGN ANALYSIS OF LIPPED CHANNEL COLUMNS
by




The effects of local buckling in the plate elements of a thin-walled 
column are known to substantially alter the subsequent column behaviour 
and the load-carrying capacity of the column. The interaction which 
occurs between the local buckling and overall column buckling is a 
complex phenomenon and has attracted the interest of many researchers, 
both from the purely analytical viewpoint (eg.(5)(10)) and from the 
design viewpoint (eg.(2)(6)(12)).
The major effects of local buckling are, (1) to reduce the ccmpressional 
and flexural stiffnesses of the column, and (2) to change the effective 
geometry of the cross section, thus causing variation in the effective 
position of the neutral axis. Due to the latter effect an in it ia lly  
concentric load may become effectively eccentric after local buckling, 
and an in it ia lly  eccentric load may effectively change its  eccentricity. 
The combination of these effects leads to complicated analysis, and many 
of the design approaches proposed to deal with this problem reflect this 
complexity in the computational effort required.
In this paper a method is presented for the analysis of lipped channel 
columns under concentric or eccentric loading. The analysis can be 
carried out using a hand calculator or preferably a microcomputer and 
does not require any large scale computer use. Nevertheless, the method 
has been evolved on the basis of a rigorous theoretical approach which 
has.been applied with highly accurate results to the analysis of 
stiffened plating (3 )(4 ), plain channels (11), and lipped channels (7 )(8 ), 
and describes the mechanics of column behaviour very adequately.
In the theoretical analyses mentioned above, rigorous analysis of the 
local buckling behaviour of the complete column cross-section was used.
In the design approach presented here effective width expressions are 
used instead'and the accuracy of the design predictions are dependent on 
the adequacy of the effective width expressions used.
* Senior Lecturer, University of Strathclyde, Dept, of Mechanics of Materials 
Montrose Street, Glasgow G1 1XJ, Scotland.
** Lecturer, Cranfield Institute of Technology, College of Aeronautics, 
A ircraft Design, Cranfield, Bedford MK43 OAL, England.
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Outline of Theoretical Background
In the theoretical analysis a short section of the column is  examined 
under an eccentric compression system as shown in F ig .1 (a ). I t  is 
assumed that at a ll stages in the post-local buckling range the 
tangent stiffn ess of the load-compression curve can be related to the 
buckling load by a linear equation of the form
P - CR V ° E  '  0CR) . . .  ( 1 )
This expression implies that after local buckling the section behaves 
as i f  it s  effective area against further load is  immediately reduced 
to a given value, An, and retains this same effective area thereafter 
as shown in Fig. 1(d). This reduced effective area, Ap, leads to a 
reduced second moment of area, Ip, and an altered neutral axis position. 
The ratio of reduced area Ap t o fu l l  area A is  identical to the ratio 
of reduced Young's Modulus E* to Young's Modulus E, ie . E*/E often 
used to describe tangent s t iffn ess .
In the case of perfectly manufactured sections at loads not greatly in 
excess of the local buckling load this gives an accurate description 
of the section behaviour. In the case of sections with imperfections, 
or sections loaded far into post-buckling range the tangent stiffness 
varies with loading. This does not invalidate equation (1) since the 
tangent stiffn ess at any stage in the post-buckling range can be related 
using an equation of this form to some f ic t it io u s  c r it ic a l load as shown 
diagrammatically in F ig .1 (c ). The fic t it io u s  c r it ic a l load, P^p, and 
corresponding value of Ap w ill vary with loading.
Having obtained expressions of this form to govern the compressional and 
flexural behaviour of a short length of column these can now be used 
in an equilibrium analysis of the complete column to derive the 
governing d ifferentia l equation:-
E ID d— + P6 = -P(e*-d) - PrD(e-e*) . . .  (2)
K dx2 LK
In this equation 6 is  the out of plane deflection of the column ,PCR 
is  the local buckling load of a uniformly compressed section and 
e, e* and d define the position of the true neutral a x is , the effective 
neutral axis and the load application point measured from the flange as 
shown in F ig .2.




= ((e*-d) ♦ P-“ (e -e * ))(se c- l/p -  ■ 





For design purposes a more convenient form of equation can be derived 
from an examination of the physical implications of eq .(2 ). This 
examination is  carried out in the following section.
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Design A n a lys is
Equation (2 ) defines the bending behaviour o f a column o f reduced 
c ro ss-se ctio n  e f fe c t iv e ly  under the action  o f loading as shown in  f ig .  
(3 ) .  As can be seen the e c c e n t r ic ity  o f the applied loading i s  now 
increased  to the value (e *-d ) ra th e r than (e-d) fo r  the unbuckled 
c ro ss -se c t io n . A counteracting  couple o f magnitude P rR (e*-e ) a lso  
acts as shown. In the p a r t ic u la r  case o f co n cen tric  loading (e=d) 
then a t  P = Pqr the to ta l moment is  ze ro .
A sim ple so lu tio n  to th is  problem can be obtained by assuming a form 
fo r  the d e fle c tio n s  <5 and using the P r in c ip le  o f Minimum P o te n tia l 
Energy to obtain the a n a ly s is , as fo llo w s :-
TTXLet 6 = 6 s in - j -  , where 6 is  the d e fle c tio n  at the column cen tre ,c L c
The s t r a in  energy o f bending i s : -
EI
- I dx =
d^x
Ui = LElRf^ ] 2-  ■ (r>' ■ I  sc . .  (4 )
The p o te n tia l lo s t  by the loading i s : -
• - ? (  ( f ) 2dx - <p<e*-d> - pcR<e*-e»[a f]
ie. u2 = |  6 * + (P(e*-d) - PCR(e*-e)) ^  «c ... (5)
Adding Ui and u2 to obta in  the to ta l p o ten tia l energy u and se tt in g  
= 0 gives the re s u lt
4 (P (e*-d) - PCR(e *-e ))
tt^ EL ... (6 )
This can be w ritte n
4 (P (e*-d ) - PCR(e *-e ))
c p _ p
kR v
••• (7)
The bending s tre s s  on the compression flange can be obtained from
_ My _ d26
B I R d x2
i l  = E e< 
I R dx’
•• ( 8 )
Now d26
dx2
= -6 s in  ^  (^) = -6 c (£ ) a t the column ce n tre .
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Therefore at th is point
2
°B = " E6C(?) e* (compression)
or oB
4„  (P(e*-d) - PCR(e*-e))e*E
L*
. . .  (9 )
To this must be added the d irect stress due to the applied load. 
From Eq. (1)
= a,CR
P - PCR CR
~K~
P - PCR ( 10 )
R " "R
Therefore the flange edge stress due to bending and compression is
°E
PCR , <P- PCR> 4* (p(e*-d) - PCP>*-e»e*E
. . .  ( i i )
In cases where the flange is  substantially wider than the l ip s , or the 
column is  loaded eccentrica lly  towards the flange, eq. (11) gives the 
maximum stress on the column. For sections with very large lip s , or 
eccentric loading towards the lip s , the maximum stress w ill occur on the 
l ip s , and this can be evaluated using a s lig h t modification of e q .( l l ) .
The commonest mode of fa ilu re  occurs due to material y ie ld in g , and this can 
be estimated by giving such a value that y ie ld  occurs. Failure can 
also occur in a purely e la s t ic  fashion in  which the load reaches a maximum 
value and then reduces with further compression. This can be examined 
using eq.(7 ) .
Effective Width C rite ria
The effects of local buckling for sections with flange re la tive ly  wide in 
comparison to the webs are substantially greater in the flange than in 
the webs. Moreover the e ffects of reduced flange width on section 
bending r ig id ity  and displacement of neutral axis are much greater than 
the effects of reduced web width. For these reasons reductions in 
effective widths of the webs can be neglected without incurring any 
appreciable inaccuracy. Also, i f  the flanges are much wider than 
the lip s the change in neutral axis at buckling causes the flange 
stresses to become much greater than those on the l ip s , so that the lips 
tend to remain re la tive ly  unbuckled and may be assumed fu lly  e ffective . 
These assumptions are borne out by rigorous theoretical analysis.
Therefore only the flange width need be reduced after local buckling.
There are various effective width expressions which can be used and 
three w ill be examined here. These are:-
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Case 1) E ffe c tive  width obtained on the basis of the in i t i a l  post- 
buckling behaviour o f a pe rfectly  f la t  square simply supported plate 




= 0.408 + 0.592 —  
aE
(a) fo r s t if fn e s s 1
and b
P^D
= 0.26 + 0.74 —
am
(b) fo r strength
where
aCR
= 4,f2E ( t / b )2. 
12(1-v 2)
This expression , as do a l l  a n a ly t ic a lly  derived expressions, ind icates 
that fo r an average edge stress on the flange there e x is ts  a higher 
maximum edge stress a m, occurring at a buckle c rest on the flange edge 
as shown in  F ig . (4 ) . Since the load on the plate is  obtained from 
b b
P = C r.-rr = o . -T- , then i t  can e a s ily  be shown that E b m b J
0.26a + 0.148arD —  _ m CR
aE = 0.408 . . .  (13)
Thus the edge stress to cause f i r s t  y ie ld  is  obtained by se ttin g  
am = ay in eq.(13)
The reduced flange area according to eq.(12 ) is  0.408 times i t s  in i t ia l  
area, and the reduced section properties can be evaluated using th is  
reduced flange area.
Case 2) E ffe c tive  width obtained using average theore tica l values for 
a lipped channel column.
ie .  %
°PR




= 0.25 + 0.75 — (b) strength
m
where in  th is  case arD = 5 .4 —------  ( t/b ) 2
LK 12(1 - v 2)
These expressions take into account the re s tra in ts  imposed by the webs 
on the flange buckling and incorporate a sm aller reduced width than the 
previous expression to take some account of increased buckling e ffe c ts  
at high w idth/thickness ra t io s .
Case 3) E ffe c tive  width used in the A IS I sp e c ifica tio n  (1 ) . In th is  
case the em p irica lly  based e ffe c tive  width is  e s se n t ia lly  the same for 
s t iffn e s s  and strength (although a sa fe ty  facto r is  used in the 
sp ec ifica tio n  fo r safe load determ ination). The expression used is
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0.415 /E^ 
(b / t ) / o E )




where CR (t/b )2 345.12(1-v 2)
. . .  ( 1 5 )
. . .  (16)
Now at any stress o ^  the flange tangent stiffn ess  can be shown to be
E*
E . . .  (17)
The corresponding f ic t it io u s  c r it ic a l stress cr^ is given by





Thus expression (15) can be written in the required form of e q .( l ) ,  where 
the fic t it io u s  reduced flange area at any stress is  equal to
E*/E, obtained from (17), times the actual flange area, and the 
f ic t it io u s  c r it ic a l stress is  related to the actual c r it ic a l stress 
and applied stress C£ through equation (18)
Example of Analysis
Consider the cross section shown in  Fig. (5). The steps required in the 
analysis , and the re su lts , are detailed here using e ffective  width (1) 
for illu s tra t io n  as fo llows:-
1) Determine A, I and e. A = 360mm2, I = 188000 mm* 1*, e = 16.67 mm
2) Determine AR, I R and e*. AR = 241.6 mm2TR= 139000 mm1*, e*= 24.83 mm
3) Detemine P^ R = C£R.A. o r^ = 18.05 N/mm2, P^ R = 6.5 kN
4) For any given length, L , determine PR, e .g . L = 5 m, PR = 10.975 kN.
5) Determine from (13). = 165.9 N/mm2.
The load to cause fa ilu re  is  therefore obtained, using e q .( l l )  from
165.9 = 6500 (P-6500)241.6
4ir
5000: x 24.83 x 200 x 10
3(8.16P-8.16x6.5)
10.975-P
This is  quadratic in P and solving gives P = 10.975 kN.
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When using th is  e ffe c tive  width expression, or indeed any e ffe c tive  
width expression which has fu l ly  reduced properties independent of the 
flange s t re s s , the fa ilu re  load w i l l  e ith e r be that obtained using 
eq.(11) or the c r i t ic a l  load.
When using an expression such as the A ISI expression in which the reduced 
properties vary with aE the p o ss ib ility  of e la s t ic  fa ilu re  at loads less 
than Pqd a r is e s . This generally occurs in the region where the Euler 
load ana local buckling load are o f s im ila r magnitude, and is  la rg e ly  
due to the e ffe c ts  o f im perfections, which are taken into account in 
a generalised way using the AISI expression. F ig .(6) i l lu s t r a te s  th is  
behaviour where the load deflection curves fo r the column are shown on 
the basis of eq .(7 ) and the e ffe c tive  width eq. type (3) for various 
column lengths. As can be seen the column of length 4 metres y ie ld s  
before reaching-a maximum e la s t ic  load, whereas the longer columns 
achieve a maximum e la s t ic  load before f i r s t  y ie ld . In these cases the 
subsequent gradual f a l l  o ff  in  load presumes that th is  can indeed be 
p ra c t ica lly  achieved. I f  the applied loading cannot be gradually reduced 
to su it  then dynamic collapse w il l  fo llow .
F ig . (7) shows a comparison between the fa ilu re  loads calculated using 
the AISI e ffe c tive  width and those using e ffe c tive  w id th (l) . Also 
shown in  th is  figure is  the curve obtained using von Karman's 
e ffe c tive  width expression, which can be w ritten
Th is i s  included to i l lu s t r a te  the e ffects  of local imperfections since 
the A IS I e ffe c tive  width expression is  a modification of von Karman's 
equation em p irica lly  devised to take the e ffects  o f imperfections into 
account. Comparison of the curves using the A ISI expression and von 
Karman's expression show only a small percentage d ifference between the 
two methods except in  the region of Pqr for the la t t e r  case. In th is  
region the maximum difference between fa ilu re  loads calculated using 
the two methods is  about 30% whereas elsewhere the d ifference in  
ca lcu la ted  fa ilu re  loads is  about 5%. This i l lu s t r a te s  the well known 
fa c t  that the greatest e ffects  o f imperfections occur in the region 
where the two d iffe ren t buckling modes, Euler and lo c a l, occur 
sim ultaneously .
For th is  geometry o f cross section i t  can be seen that the AISI e ffe c tive  
width consisten tly  gives lower re su lts  than that obtained on the basis 
o f a square simply supported p la te . This is  due to the facts that (1) 
the A IS I expression includes imperfections and (2) the la t te r  expression 
is  applicable accurately only in the range less than about 5ocr.
In sp ite  of th is  the divergence between the two curves is  not 
excess ive . From a general examination of the two e ffe c tive  width 
c r it e r ia  over a range of column geometries i t  is  found that i f  the ra tio  
o f flange to web width increases the divergence of re su lts  increases 
and fo r lower flange/web ra tio s the curves become c lo se r. Also fo r 
lower width to thickness ra tio s the curves agree more c lo se ly . In some 
cases the e ffe c tive  width case (1) gives lower resu lts  than case 3) due 
to the formulation of the so lution despite the fact that the la t t e r  
e ffe c tive  width is  always greater than the former.
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Comparison with Experiments
A se rie s  of experiments on lipped channel columns was carried  out at the 
U n iversity  o f S tra thc lyde , using various cross-sectional geometries and 
loading e c c e n t r ic it ie s . The te s ts  are described in  reference (9 )arid fu l l  
d e ta ils  of a l l  columns tested are given in  Table 1. Comparisons 
of the fa ilu re  loads obtained from te st and those calcu lated  using 
e ffe c t iv e  width cases (1 ) ,  (2) and (3) are given in  Table 2. The 
agreement in  general is  good, and th is  is  i l lu s t r a te d  in F ig .8 , which 
shows the va ria tio n  of the ra t io  Pu]^ (ca lcu la ted )/P u-|t (te s t ) w ith 
varia tio n  in  flange b/t fo r each case. In th is  f ig u re , average values 
were calcu lated  from each set o f te st re su lts  at a given b /t . As can 
be seen the la rg est inaccuracies occur fo r e ffe c t iv e  width cases (1) and 
(3) at low (b /t) ra t io s , due to th e ir  neglect of the re stra in in g  e ffe c ts  
of the webs. Case (2 ) , with i t s  more r e a l i s t ic  buckling c o e ff ic ie n t , 
is  more accurate in  th is  range.
The A ISI e ffe c t iv e  width expression is  co nsisten tly  conservative in i t s  
re s u lts , whereas the lim ita t io n s  of the other two expressions are 
indicated a t  high b/t ra t io s . From the re su lts  i t  is  evident that the 
use o f the A ISI expression , su ita b ly  modified to incorporate the increased 
buckling s tre ss  caused by web re s t ra in ts , w i l l  provide co n sisten tly  
accurate ultim ate load re su lts  using th is  form ulation. Such an 
expression i s  given by eq. (16) w ith the c r i t i c a l  s tre ss  taken as
arD = — —  ( t / b )2. The re su lts  obtained usina th is  expression are
LK 1 2 ( l- v 2)
shown in  Table 2, and depicted g raph ica lly  in  F ig .8 where the agreement 
with te s t  i s  seen to be considerably improved.
Comparisons of load-deflection curves produced using the three e ffe c tive  
width cases (1 ) , (2 ) and (3) and those obtained experim entally are shown 
in  F ig s . 9 , 10 and 11. These ind icate  th at deflections are accurate ly  
predicted using case (2) which takes increased buckling load in to  account. 
The A ISI expression , case (3) co nsisten tly  overestimates the column 
deflections and i t s  accuracy in  deflection determination is  much less 
than in  ultim ate load eva lua tio n .
Summary and Conclusions
The method presented permits an a ly s is  of column behaviour w ith a minimum 
of computational e f fo r t . I t  i s  quite general in i t s  a p p lic a b ilit y  to 
any cross-sectiona l shape, although in th is  paper only lipped channels 
have been considered.
The e ffe c ts  of neglecting losses in  e ffectiveness in  elements other than 
the major buckling element does not in  general produce any s ig n if ic a n t  
d iscrepancies. For long columns in which the loading is  h igh ly o ffse t 
as fa ilu re  approaches then buckling is  la rg e ly  confined to one element 
at loads near fa ilu re  and the assumption th a t no losses occur in  other 
elements i s  accurate. For very short columns there is  some inaccuracy 
in th is  assumption, but th is  i s  counterbalanced by the fa c t that 
although a higher I r i s  produced by considering one element only to 
buckle , th is  also produces a la rg e r e c c e n tr ic ity  than would be obtained 
i f  a l l  elements are assumed to buckle. These two e ffe c ts  tend to cancel 
each o ther, thus producing an accurate estimate o f behaviour.
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The computed resu lts agree very well with experimental re su lts , and i t  
is  found that the AISI expression for e ffective  width gives consistently 
accurate but conservative predictions. Modification to th is expression 
to increase the c r it ic a l stress makes for greater accuracy.
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APPENDIX I I  - NOTATION
The fo llo w in g  symbols are  used in  th is  paper:
F u ll  cross se c tio n a l area 
Reduced cro ss se c tio n a l area 
Young's modulus o f  e la s t i c i t y  
Reduced Young's modulus o f e l a s t i c i t y  
Second moment o f  area 
Reduced second moment o f a rea .
Column length
A x ia l load on column
C r i t i c a l  lo ca l b u ck lin g  load
F ic t i t io u s  c r i t i c a l  lo c a l b uck ling  load
Reduced E u le r  load
To ta l p o te n t ia l energy
S t ra in  energy o f  bending
Loss in  p o te n t ia l o f load ing
Width o f flange
E f fe c t iv e  width fo r  s t i f f n e s s
Width o f l ip
Width o f web
E f fe c t iv e  width fo r  streng th
Load a p p lic a t io n  p o in t measured from the flange
P o s it io n  o f neu tra l a x is  measured from flange
E f fe c t iv e  p o s it io n  o f n eu tra l a x is  a f t e r  lo ca l buckling
Sectio n  p la te  th ickn ess
Column d e fle c t io n
C en tra l d e f le c t io n  o f column
P o isso n 's  r a t io
Bending s t re s s
C r i t i c a l  lo ca l b uckling  s t re s s  
F ic t i t io u s  c r i t i c a l  lo c a l b uck ling  s t re s s  
Average flange edge s t re s s
Average flange edge s t re s s  to cause f i r s t  y ie ld
Maximum flange edge s t re s s
M ate ria l y ie ld  s t re s s
Minimum rad ius o f g y ra tio n  o f se c tio n
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TABLE 1











1 7.43 101.55 50.57 18.85 0.81 1828.80
2 7.47 101.12 50.50 19.24 0.79 1219.20
3 10.22 102.74 62.77 25.44 0.79 1828.80
4 10.25 101.98 62.79 25.40 0.81 1524.00
5 10.34 101.63 62.99 25.74 0.79 1219.20
6 1.67 127.86 50.60 18.68 0.79 1828.80
7 1.68 126.39 50.47 18.86 0.79 1524.00
8 1.69 126.47 50.55 19.14 0.80 1219.20
9 4.68 127.79 62.71 25.42 0.80 1828.80
10 4.72 127.36 63.02 25.50 0.80 1524.00
11 4.73 126.75 62.92 25.58 0.81 1219.20
12 4.63 151.92 50.75 18.95 0.81 1828.80
13 4.66 152.20 50.60 19.66 0.81 1524.00
14 4.61 151.74 50.47 19.02 0.81 1219.20
15 0.0 153.95 62.79 25.37 0.80 1828.80
16 0.0 153.95 62.89 25.60 0.81 1524.00
17 0.0 152.02 62.97 25.57 0.80 1219.20
18 5.58 178.03 50.17 18.86 0.80 1828.80
19 5.64 177.17 50.47 18.94 0.80 1524.00
20 5.70 177.67 50.50 19.58 0.81 1219.20
21 4.03 178.31 62.94 25.23 0.79 1828.80
22 4.03 178.33 62.97 25.32 0.80 1524.00
23 4.08 176.53 63.02 25.85 0.80 1219.20
24 0.0 152.30 49.28 17.74 1.64 1828.80
25 2.11 152.25 61.72 24.58 1.66 1828.80
26 2.11 152.04 61.67 24.74 1.68 1524.00
27 2.12 151.38 61.82 24.86 1.66 1219.20
28 2.69 178.05 49.25 17.99 1.64 1828.80
29 2.70 177175 49.38 17.97 1.65 1524.00
30 2.70 176.10 49.10 18.10 1.65 1219.20
31 0.0 178.23 61.85 24.62 1.63 1828.80
32 0.0 177.93 61.62 24.77 1.64 1524.00
33 0.0 176.73 61.98 25.71 1.64 1219.20
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TABLE 2




























r r " " 1
t
1 13.90 12.64 -9.1 15.24 +9.6 13.13 -5.5 13.83 -0.5 5.62 127.5
2 16.01 14.12 -11.8 15.88 -0.8 15.29 -4.5 16.16 +0.9 5.62 127.5
3 15.66 15.2 -2.9 16.92 +8 16.42 +4.9 17.39 +11.0
4 16.81 15.78 -6.1 17.74 +5.5 17.33 +3.1 18.36 +9.2
5 18.24 16.2 -11.2 18.43 +1 18.11 -0.7 19.18 +5.2
6 16.90 15.8 .-6.5 16.4 -3 15.02 -11.1 16.13 -4.6 8.79 159.4
7 17.66 16.8 -4.9 17.8 +0.8 16.47 -6.7 17.71 +0.3
8 19.17 17.62 -8.1 18.95 -1.1 17.73 -7.5 19.06 -0.6
9 19.30 18.09 -6.3 19.63 +1.7 18.7 -3.1 19.82 +2.7
10 20.33 18.79 -7.6 20.59 +1.8 19.97 -1.8 20.98 +3.2
11 20.68 19.33 -6.5 21.39 +3.4 20.71 +0.15 21.95 +6.1
12 14.90 14.43 -3.2 15.14 +1.6 13:52 -9.26 14.28 -4.2 12.22 188.6
13 15.70 15.31 -2.5 16.32 +3.9 14.7 -6.37 15.69 -0.1
14 17.12 16.03 -6.4 17.32 +1.2 15.73 -8.1 16.8 -1.9
15 21.80 21.85 +0.2 23.12 +6.1 20.82 -4.5 22.17 +1.7
16 23.04 22.61 -1.9 24.27 +5.3 22.09 -4.1 23.51 +2
17 23.62 23.21 -1.7 25.16 +6.5 23.14 -2.0 24.61 +4.2
18 13.94 14.19 +1.8 14.56 +4.4 12.44 -10.76 13.27 -4.8 17.04 222
19 15.08 15.05 -0.2 15.68 +4.0 13.48 -10.61 14.39 -4.6
20 16.32 15.76 -3.4 16.64 +2.0 14.39 -11.83 15.38 -5.8
21 17.19 18.86 +9.7 19.8 +15.2 17.26 +0.4 18.34 +6.7
22 19.64 19.54 -0.5 20.75 +5.7 18.22 -7.23 19.37 -1.4
23 18.44 20.09 +8.9 21.54 +16.8 19.04 +3.2 20.23 +9.7
24 65.83 52.63 -20.1 58.52 -11.1 49.32 -25.1 53.41 -18.9 2.90 91.6
25 70.95 61.52 -13.3 70.58 -0.5 61.35 -13.53 66.04 -6.9
26 72.95 63.93 -12.4 74.05 +1.5 65.04 -10.8 69.98 -4.1
27 73.84 65.73 -11.0 76.63 +3.8 67.94 -7.99 73.03 -1.1
28 51.15 44.32 -13.4 47.63 -6.9 42.65 -16.62 45.98 -10.1 4.05 108.2
29 56.27 47.68 -15.3 52.18 -7.3 47.13 -16.24 50.94 -9.5
30 60.27 50.26 -16.6 55.79 -7.4 50.88 -15.58 55.04 -8.7
31 75.39 61.81 -18.0 68.92 -8.6 62.14 -17.58 67.19 -10.9
32 75.84 63.96 -15.7 72.18 -4.8 65.84 -13.19 71.14 -6.2
33 80.29 65.53 -18.4 74.58 -7.1 68.72 -14.41 74.15 -7.6
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FIG.  2.
FIG. 3.
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L = 4m
FIG 6. LOAD-DEFLECTION CURVES USING
AISI EFFECTIVE WIDTHS
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FIG 7. COMPARISON OF DIFFERENT
EFFECTIVE WIDTH APPROACHES 
FOR TYPICAL COLUMN CROSS-
SECTION
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FIG. 8 COMPARISON W ITH  E X P E R IM E N T FOR THE D IFFERENT













F I G  9. LOAD D E F L E C T I O N  C U R V E S  FOR C O L U M N  NQ 1
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FIG. 10. LOAD DEFLECTION CURVES FOR COLUMN N -  8.
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Sc (mm)
F\G  'll. LOAD DEFLECTIO N CUR VES FOR COLUMN NQ 1S
